An epidemiological study of occupational contact eczema in a furniture factory is presented. The localization, distribution, and clinical features of the skin lesions were characteristic of contact eczema caused by a sensitizing or irritating dust. True teak-Tectona grandis-was the cause of the skin condition.
Patch tests with native teak dust moistened with water were applied on 10 "controls" and 112 workers who were exposed to teak in various working procedures. Moistened teak dust produced toxic reactions in 205 %, while native teak dust did not have primary irritant effects and was, therefore, considered to be the substance of choice for patch testing; 1 8&7 % of the workers showed an allergic skin reaction to native teak dust. The diagnosis of allergic contact eczema was made in 12 5%, and 6-2% were considered to have latent allergy. Primary irritant (contact) eczema was considered to be present in four individuals who had experienced acute, transitory, eczematous eruptions during the hot part of the summer when they perspired freely. In these cases the patch test to native teak dust was negative. Desensitization or "hardening" was observed in four workers. In most cases the skin lesions were not severe enough to cause sickness absence.
The cause of the relatively high percentage of sensitization to teak among the workers in the factory is discussed. The importance of suitable prophylactic measures is stressed.
Occupational contact eczema caused by true teak is well known. The first report of skin eruption attributed to teak appeared in England (Evans, 1905) . Later the Germans became interested in this problem (Hoffmann, 1926 (Hoffmann, , 1928 Touton, 1929) , and extensive investigations were reported by Hoffmann. In the published work there has been considerable confusion concerning the designation of the different wood species. This makes it difficult to compare the various reports. Botanically quite different wood species may go by the same name owing to resemblance in general appearance, hardness, and other similar qualities. On the other hand, botanically identical wood species may have different trade names derived from place of growth, harbour of shipment, and so forth (Touton, 1929; Schulz, 1957) . The designation "teak" is no exception in this respect (Table 1) . 42 "Dua-teak"-Afrormosia elata-is a West-African timber commonly used in place of true teak, but it is of a quite different botanical species. The actual wood involved should therefore be botanically classified when considering these problems. Extracts of true teak have been examined by a number of workers to determine the causes of its resistance to wood rot, fungi, and termites; they have been shown to contain a complex mixture of substances including tectoquinone (2-methylanthraquinone) and two, possibly three, related anthraquinones, lapachol, 2-methoxytoluene, 2-iodobenzoic acid, n-heptylamine, butyric acid, tectol, dehydrotectol, and a cis 1-4 polyisoprene (Kafuku and Sebe, 1932; Dhamachari, 1957; Pavanaram and Row, 1957; Sandermann and Dietrichs, 1957; Rudman, Da Costa, Gay, and Wetherly, 1958; Rudman and Da Costa, 1959; Sandermann and Dietiichs, 1959; Rudman, 1960) .
The problem of which substance or substances in teak have the sensitizing or irritating properties has not yet been fully investigated. Schulz (1961) applied patch tests with some of the known constituents of true teak (tectoquinone, lapachol, tectol, and dehydrotectol), isolated by Sandermann and Dietrichs (1959) , on four individuals who were sensitized to true teak. He found an allergic reaction in three cases when lapachol was used as the test substance. Further investigations are needed to confirm these results. There is no reason to believe that lapachol is the only substance that may act as a sensitizer. It is also interesting to note that members of the Tabebuia genus, such as "green-heart" also contain lapachol (Sandermann and Dietrichs, 1957; Rudman, 1961, personal communication) .
During the past decade teak has come more and more into fashion in the Scandinavian countries as the wood of choice in the furniture trade, resulting in an increasing number of occupational dermatoses.
Method
The investigation was undertaken at the request of the management of a furniture factory. Skin complaints which were believed to be occupational had occurred among the employees. The occurrence of skin diseases was discussed with the factory superintendent and the industrial medical officer. A list of the raw materials used and the products manufactured was obtained. The workers who were thought to have occupational skin disease were examined and questioned to check and evaluate the criteria of the diagnosis. Accompanied by a foreman who was familiar with the processes undertaken, the working conditions of the employees were inspected. Production takes place in a large, well-ventilated set of rooms with exhaust ventilation on the woodworking machinery that creates dust. Particularly dusty processes were carried out in separate rooms. Daily cleaning and regular thorough cleaning had been carried out at frequent intervals as a routine for a long time. No properly designed protective clothing was in use. There were no wash-hand basins in the workrooms, but shower baths were available for use after work. During the past four to five years two tropical wood species-"Siam-teak" and "Dua-teak"-had been used increasingly in the factory. "Siam-teak" was botanically determined as true teak-Tectona grandis-while "Dua-teak" was found to be an entirely different wood speciesAfrormosia elata. A pilot study revealed that the cause of the skin complaints was the so-called "Siam-teak", from here on named teak only. Other possible primary irritants or potent sensitizers such as other wood species, lacquers, and glues were excluded by patch testing.
Material
There were 156 employees, all males, of whom 112 were to a varying extent exposed to teak during different working procedures. The workers had been employed in the factory for an average of 18 years, varying from one to 40 years. The average age of the workers was 44 years. All the workers who presented skin manifestations or who had previously experienced skin complaints had been employed in the factory during the past four to five years, i.e. as long as teak had been increasingly in use. The duration of exposure from the first occupational contact with teak until skin complaints became manifest varied from one week to two years. All the 112 workers were examined for skin lesions, and were interviewed about previous skin complaints. Patch tests were applied both with fresh native teak dust and dust moistened with water. The patch tests were carried out in the usual way and applied on the volar side of the left forearm. The teak dust was collected in a small container directly from the machines. The container was immediately sealed to avoid evaporation of possibly volatile substances. Table 2 is based on the history and clinical examination. Six workers presented with erythematous, papular, desquamating eruptions on the face, especially around the eyelids, and also on the hands, forearms, wrists, around the beltline, and in the groins. All cases had the appearance and dis-tribution of a contact eczema resulting from dust. During the previous week the workers had been operating machines producing teak dust. Twentyfive workers who had previously been exposed to teak dust experienced eczematous eruptions with much the same location and distribution and/or severe itching. None of these cases was severe enough to cause sickness absence. Four workers had previously experienced severe attacks of vesicular and weeping eczematous flare-ups, especially marked on the backs of the hands, on the forearms, and on the face, whenever they were exposed to teak dust. The flare-ups had gradually become worse, necessitating complete avoidance of teak. They have since remained free of skin complaints. The remaining 77 workers had never suffered from any skin complaint attributable to their occupation. Non-occupational dermatoses due to varicose ulcers and seborrhceic eczema were observed in four cases. Table 3 illustrates the relation between the different industrial processes and the frequency of skin complaints. The highest incidence of skin conditions was found among workers exposed to dust consisting of minute particles of teak. The machines that hurled teak particles with great force towards the worker seemed to be particularly involved. About half the workers (31 out of 60) who were occupied in sandpapering either by hand or with special machines, in sawing, in turning and the like, had some skin complaint attributable to teak. Workers Table. In patch tests with native teak dust no toxic reaction was recorded. In 14 workers who presented, or who had previously suffered from eczematous eruptions, allergic reactions were observed, indicating allergic contact eczema. The remaining four individuals in the contact eczema group gave negative reactions to native teak dust. These workers had previously experienced eczematous flare-ups on exposure to teak. They volunteered the information that, in spite of continued exposure, their skin lesions had gradually diminished, and they were now able to work with teak without inconvenience. Allergic reactions to native teak dust were also observed in two cases with severe itching as the only symptom on exposure, and in five workers without any skin complaint at all. These workers were considered to have a latent allergy. In the remaining 15 workers who suffered from severe itching the symptom may perhaps be ascribed to the mechanical effects of the dust.
Results
The evaluation of the patch tests applied with moistened teak dust was complicated by the fact that the test substance in this state behaved both as an allergen and as a primary irritant. Hence, the results have no validity for hypersensitivity to teak. The allergic reactions in this group are recorded in Table 4 with an interrogation mark indicating the difficulty in interpretation. Several of these reactions were considered to be a combined toxic-allergic reaction type. Nevertheless, the results are recorded in the Table in order to show the number of definite toxic reactions. The results are of some interest, from a practical point of view. Toxic reactions were registered in 23 cases. This total represents a minimum of the possible toxic reactions. Four workers in this group had suffered acute, transitory, eczematous eruptions during the hot part of the summer when they perspired freely. The history in these cases, together with the negative reaction to native teak dust, may indicate contact eczema due to primary irritant(s) in teak.
A definite allergic reaction when tested with native teak dust, indicating sensitization to teak, was recorded in 21 (18-8 %) of the workers tested. Nearly 50% of the workers with skin complaints (eczema and/or itching) were sensitized. A diagnosis of allergic contact eczema was made in 14 cases (12-5%). Seven (6-3%) were considered to have a latent allergy and these workers were little exposed to teak dust. Probably a more massive exposure might provoke some allergic manifestation. Table 5 illustrates the result of patch testing by the same technique on 10 nurses used as " controls". The testing was repeated after four weeks using teak dust which had been kept unsealed. The grading I-IV was used to make quantitative comparisons possible. The patch tests with native teak dust were all negative at the first application. An allergic reaction was recorded in two cases when retested. Using moistened teak dust, toxic reactions were registered in seven cases, and four of these were of the bullous type. On repetition four weeks later, the toxic reactions had diminished, and in three cases they had disappeared. No The fact that teak may act as a fairly potent sensitizer is most important, and is fully confirmed by the present study.
The fractionation and extraction of the different constituents in teak are difficult and complicated and must be performed by specialists in this field. The author has received samples of some of the chemical compounds extracted from teak. The sensitizing and irritating properties of these substances are now being studied, and the results will be reported later.
The only previous epidemiological investigations on occupational contact eczema due to teak, which I have been able to trace, are those of Hoffmann (1926, 1928 (Witkowski, Fischer, and Murdock, 1942; Schwartz, 1944; Peck, Gant, and Schwartz, 1945; Tolmach, 1947; Schwartz, Tulipan, and Birmingham, 1957) , but some investigators do not believe that such a phenomenon occurs (Hall, 1944; Osborne, 1954) . In the present study four workers appeared to have become "hardened".
"Hardening" may be dependent on several factors, such as the degree of sensitization in relation to the degree and duration of exposure. Each case must be considered individually before deciding whether the worker should be kept on his work, with the hope that immunity will develop, orwhetherhe should be taken off his job immediately.
Recommendations The management of the factory was informed of the general principles of protection against dust. Because of the relatively high percentage of sensitization to teak in the factory, certain specific improvements were recommended. Attention was called to the exhaust ventilation system which, during the past few years, had been overloaded. New machinery had been installed without increasing the capacity of the exhaust ventilation system. Suitable protective clothing was recommended, and the importance of cleanliness was stressed. The workers generally had omitted daily shower baths after work because there were too few showers to permit bathing in reasonable time. It was recommended that sufficient shower baths should be provided and that the workers should be compelled to use them. In future, new applicants for work will be carefully examined and questioned, and those having predisposing skin conditions will not be employed. The worker will be instructed in detail regarding the nature of his work and its hazards, and the importance of the different prophylactic measures will be explained to him.
